The essential oils and supercritical CO 2 extracts of wild Daucus carota L. subsp. carota from two different sites in Tunisia were investigated. The main components of the essential oil of the flowering and mature umbels with seeds from Sejnane were eudesm-7(11)-en-4-ol (8.2 -8.5%), carotol (3.5 -5.2%), sabinene (12.0 -14.5%), α-selinene (7.4 -8.6) and 11-α-(H)himachal-4-en-1-β-ol (12.7 -17.4%), whereas the oils from Tunis were predominantly composed of elemicin (31.5 -35.3%) and carotol (48.0 -55.7%). The antimicrobial activity of the essential oils were assayed by using the broth dilution method on Escherichia coli ATCC 35218 and Staphylococcus aureus ATCC 43300, and clinical strains of Candida albicans and C. tropicalis 1011 RM. The MIC values obtained were all > 2.5% (v/v).
Daucus carota L. subsp. carota (Apiaceae) is native to Europe, Asia and Africa. Traditional medicine uses D. carota extracts for hepatic and renal insufficiency as well as for skin disorders, for example burns and furunculous [1] . Extracts of the wild plants are known to be antioxidative and iron-chelative. Ahmed et al., from the roots of wild D. carota subsp. carota, isolated three new sesquiterpene daucane derivatives and four known compounds that showed antifungal activity [2] . Also, the methanol extract of the seeds showed antibacterial activity [3] Carrot seed essential oil is widely used as a flavor ingredient in many foods and as a fragrance in perfumes, cosmetics and soaps. Claimed biological properties of the oil include antimicrobial, hepatocellular regenerator, general tonic and stimulant, cholesterol regulator, and cicatrisant. The essential oil from the aerial parts of the plant showed particular activity against Gram-positive bacteria, but the activity of the oils from different organs of the plant were not the same, decreasing in the sequence, mature umbel oils > herb oil > flowering umbel oils [4] . The part of the plant, the stage of development as well as the geographical origin can influence significantly the composition of the oils obtained from this species. From literature data it can be seen that leaf, stem, and blooming umbel oils are dominated by monoterpenes and/or sesquiterpenes [5] [6] . Oils isolated from umbels or seeds were dominated by sesquiterpenes and phenylpropanoids, β-bisabolene and β-asarone or by (E)-methylisoeugenol accompanied by α-pinene and elemicin.
Considerable variations were also found depending on geographical area, especially in the composition of the seed oils. Góra et al. [7] and Staniszewska and Kula, [8] showed that oils from Poland were dominated by either sabinene and α-pinene or sabinene, α-pinene and geranyl acetate. Similar results were reported by Mockute and Nivinskiene [9] for Lithuanian carrot seed essential oil. However, carrot seed oil from Turkey was NPC Natural Product Communications 2010 Vol. 5 No. 12 1955 -1958 reported to contain a high content of carotol (67%) and daucene (9%) [10] . Also Glisic et al. [1] found in the supercritical extract from seed of carrot from Serbia, carotol as the principal component (30%). For commercial carrot seed oil, which includes oils of all the subspecies of D. carota, four compositions can be distinguished. Three of these are dominated by sabinene (32-60%) and either geranyl acetate (32-77%) or carotol (23-77.5%), and the fourth contains these compounds with an identical ratio [6] . The aim of the present work was to investigate the compositions of the volatile oils of D. carota subsp. carota growing wild in Tunisia at two different sites (Sejnane and Tunis). Carbon dioxide supercritical extracts (SFE) were also produced and their compositions investigated. D. carota subsp. carota essential oil of ripe umbels (with mature seeds) was obtained in yields of 1.0% and 2.0% for HD and SFE, respectively. Thirty-six identified compounds made up 93.2-97.3% of the oil ( Table 1 ).
The oil from mature umbels with seeds from Sejnane (sample1) was composed of sesquiterpene hydrocarbons (36.1 -37.2%) and oxygenated sesquiterpenes (29.2 -35.9%). The main components were carotol (3.5 -5.2%), β-bisabolene (5.5-7.6), α-selinene (7.4-8.6%), eudesm-7(11)-en-4-ol (8.2 -8.5%), sabinene (12.0 -14.5%) and 11-α-(H)-himachal-4-en-1-β-ol (12.7 -17.4%). However, the oil from the mature umbels with seeds from the second site (sample 2) was of the carotol chemotype (48.0-55.7%), with the second main constituent being elemicin (31.5 -35.3%). This oil is predominantly composed of oxygenated sesquiterpenes (48-55.7%) and phenylpropanoids (31.5-35.3%). This latter sample did not contain any oxygenated monoterpenes.
It is interesting to note that phenylpropanoids represented 31.5% of the oil in sample 2, but only 4.7 % of sample 1 (data of HD extract). Similar results were reported by Maxia et al. [18] , who found that the umbels with seed oils obtained from plants of D. carota ssp. carota from Italy contained 15.2% of phenylpropanoids, which was nearly five times that found in oils obtained from plants growing in Portugal (3.4%). 11α-H-himachal-4-ene-1β-ol and eudesm-7(11)-en-4-ol, the main compounds identified in the extracts from site 1 were not identified in the extracts obtained from site 2. The same components were found in the oil from Sardinia [18] . These differences could have several reasons, such as climate, soil or other geographical factors [19] , but also to genetic differences probably responsible for the chemical variability in the carrot oil.
Table1: Retention index (RI) and chromatographic area percentages of compounds found in Daucus carota subsp. carota essential oils from site 1 (A1=HD and B1=SFE) and site 2 (A2=HD and B2=SFE). C. neoformans and dermatophyte strains showed more sensitivity to these oils than Candida and Aspergillus strains [9] . On the other hand, Jabrane et al. [20] found that flower and root oils of Tunisian D. carota ssp. maritimus had a significant and broad spectrum of activity against Gram-positive and Gram-negative bacteria, the flower oil being more effective than the root oil against E. coli (ESLb). Conversely, the root oil was found to be more active than the flower oil towards S. aureus (reference and environmental strains). An essential oil is usually a complex mixture of different components and so it is difficult to reduce the antimicrobial effect of the total oil to either one or a few active principles. It cannot be ignored that, in addition to the main compounds, minor compounds could be making a significant contribution to the oil activity [21] .
Experimental
Plant material: Umbels of Daucus carota L. subsp. carota were collected from two different sites in Tunisia from two different bioclimatic zones: Sejnane (humid) (samples 1) and Tunis (sub-humid) (samples 2).
Voucher specimens (numbers: COI00033068 and CAG 625) were deposited at the Herbarium of the Department of Botany of the University of Tunis. Vegetal material was air-dried in a hot air-drier at 40°C with forced ventilation for 2 days. Before utilization, the plant material was ground with a Malavasi mill (Bologna, Italy) taking care to avoid overheating.
Hydrodistillation:
Hydrodistillation (HD) was performed in a circulatory Clevenger-type apparatus according to the procedure described in the European Pharmacopoeia [11] for 4 h.
SFE extraction:
Supercritical CO 2 (purity 99% -Air Liquide Italia, Cagliari, Italy) extractions were performed according Marongiu et al. [12] in a laboratory apparatus equipped with a 320 cm 3 extraction vessel and two separator vessels of 300 and 200 cm 3 , respectively connected in series. Experiments were carried out at 90 bar and 40°C in the extraction section. In the first separator, the temperature was set at -10°C and the pressure at the same value as that of the extraction section. The second separator was set at 15 bar and 10°C. Extractions were carried out in a semi batch mode, with batch charging of vegetable matter and continuous flow of solvent. About 180 g of material were charged in each run.
GC/MS analysis:
An Agilent Technologies Inc. gas chromatograph (Santa Clara, CA, USA) model 6890N was employed for analysis of the essential oils. It was equipped with a split-splitless injector, an autosampler Agilent model 7683 and an Agilent HP5 fused silica column; 5% phenyl-methylpolysiloxane, 30 m × 0.25 mm i.d., film thickness 0.25 μm. GC conditions used were: programmed heating from 60 to 280°C at 3°C/min, followed by 30 min under isothermal conditions. The injector was maintained at 250°C. Helium was the carrier gas at 1.0 mL/min; the sample (1 μL) was injected in the split mode (1:20) . The GC was fitted with a quadrupole mass spectrometer (MS, Agilent model 5973 detector). MS conditions were as follows: ionization energy 70 eV, electronic impact ion source temperature 200°C, quadrupole temperature 100°C, scan rate 1.6 scan/sec, mass range 50-500 u. The software adopted to handle MS and chromatograms was a ChemStation NIST 02 [13] and LIBR (TP) [14] . Mass Spectra Libraries were used as references. Samples were run in chloroform with a dilution ratio of 1:100. Compounds were identified by matching their MS and retention index with those reported in the literature [15] . Moreover, whenever possible, identification was confirmed by injection of an authentic sample of the compound. A quantitative analysis of each oil component (expressed in percentages) was carried out by peak area normalization measurement. The response factors were estimates using standard compounds having the same molecular weight as the compound families that constitute the essential oil (hydrocarbon and oxygenated monoterpenes, hydrocarbon and oxygenated sesquiterpenes).
Antimicrobial activity:
The organisms tested in this study were as follow: Escherichia coli (ATCC 35218), Staphylococcus aureus (ATCC 43300), Candida albicans (clinical strain) and C. tropicalis (1011 RM) (clinical strain). Bacteria were cultured overnight in Luria-Bertani Broth (LB) and fungi in Sabouraud Dextrose Agar plates. Minimal inhibitory concentration (MIC) values were determined as the lowest essential oil concentration that inhibits visible growth of the isolates after 24-48 h incubation at 37°C. It was measured with the broth dilution method (microdilution using 96-well microplates) [16, 17] . Nine different concentrations of each essential oil from 2.5%, v/v to 0.001%, v/v with 10% Tween 80 were used. The bacterial and fungal cultures were diluted with LB broth and RPMI medium, respectively, to obtain 1.0x10 8 CFU/mL (0.5 MacFarland).
Minimal cidal concentration (MCC) values were determined as the lowest essential oil concentration that kills both bacteria and fungi. It was measured with the broth dilution method starting from the MIC as the lowest concentration to the maximum one (2.5% v/v). Positive and negative controls were also included.
